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INTRODUCTION 
Orthokeratology is the "re duction, mod ific ation, or elimina­
tion of refrac tive errors by the programmed appl ication of c ontact 
lense s or othe r related proce dure s". 1 A surve y of the literature 
shows that many inve stigators have suc c e ssfully applied various 
orthoke ratology tec hnique s to re duc e ame tropias but a c omprehen­
sive study asse ssing the mode of ac tion of orthoke ratology has 
not be en publishe d.2 '3 It is the purpose of this study to me asure 
se ve ral parame ters of the e ye during an orthoke ratology program 
and asc ertain whe re c hange s occur. 
The study is divide d  into two parts. Projec t  I (wh ich is 
re ported in this pape r) is a pilot study lasting for s ix months 
and is c oncerned w ith de te rmining the s ign i f ic ance of many 
re frac tive tests and physical me asurements of the e ye during 
orthokeratology. Proje c t  II w i ll be a re f ined long itudinal 
study of Projec t  I and w ill run over a period of two to f ive 
years. All insignific ant te sts in Part I w ill not be inc lude d 
in Part II. 
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EXP-:'.:RifYENTAL DESIGN 
Fifte e n  pat ie nts we re randomly plac ed into thre e study 
groupss a spe c tac le c ontrol group, a c ontac t lens c ontrol group, 
and an orthoke ratology group. The thre e groups were nec e ssary so 
that we c ould diffe rentiate change s among spe c tac le patients, 
standard c ontac t  lens patie nts and orthoke ratology patients . Our 
patient se lec tion was based on the c lose st possible c onformity 
to the follow ings 
1. Little or no previous c ontac t lens wear 
2 .  No previous pathology 
J .  Myopia be twe en 1 - JD 
4. Kf be twe en 41. 00 - 46 . 00D 
Five out of fifte en patients had previously worn c ontac t 
lense s but none had worn the c ontac t lenses for at least one 
year prior to the start of the study. Two patients had allergie s 
during the late summer months and one patient c ontrac ted blephar­
i tis during the study. (This indiv idual was a spe c tac le c ontrol 
patient. ) 
The mean amount of myopia was -2 . 2 1 w ith a range of -. 75D 
to -4,50, The mean Kf was 43 . 5 8 w ith a range of 40. 87D to 45,870. 
The me an c orne al astigmat ism was . 87D with a range of 0 to 2 . 3 70.  
All  pat ients we re se en on a we e kly to b iwe e kly basis and the 
following te sts were pe rformeds 
1 .  Re frac tive status and v isual ac uity by standard 
optome tric objec tive and subjec tive test battery . 
Eight standard te sts are used to evaluate refrac ­
tive status. 
2. Oc ular ante rior segment health evaluation by slit­
lamp biom ic roscopy . (Contac t  lens fit is also 
evaluated here .) 
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). Anter ior c orneal c urvature measure ments are 
evaluated by c e ntral keratome try, ophthalmome try, 
and Phot oe le c tr ic keratosc opy. 
4. C orneal thickne s s  is  e valuated by pac home try and 
ultrasonography. 
;. Anter i or c hamber de pth is e valuate d by pachome try, 
ultrasonography, b iomicrosc opy, and gonisc opy. 
6. Anter ior and poster ior le ns c urvature are me asured 
by ophthalmophakome try. 
7. Posterior c hamber and axial lengt h  are measured by 
ultras onography. 
8 .  Intraoc ular pre s s ure is e valuated by t he AO Non-
c ontac t tonome ter . 
Instruments used in t he s tudy were calibrate d  for ac c urac y and 
re liab ility and the calibration f indings are liste d in EXPERIMENTAL 
METHODS of t his report . 
All c o ntac t lens pat ients, inc luding the orthoke ratology 
group, were init ially f it w ith PEK de s ign lense s to insure t hat 
all c ontac t lens pat ients would begin therapy e qually. The se 
le ns e s  were found t o  be t o o  tight and peripheral c urve s were 
modified on all le nse s  to ins ure proper tear e xc hange . Onc e 
full t ime we ar was ac hieved, orthokeratology was begun on t he 
s e lected five patie nts us ing the Tabb me thod of orthokeratology. 
The Tabb me t hod i s  base d  on mathe mat ical r e lat ionships for 
increasing c ontac t le ns tear re servoir by modifying pe r iphe ral 
L c urve s and opt ic z one diame ter . Dr . Tabb be lie ve s  that this 
me thod a llows orthokerat ology c hange s t o  occ ur fr om hydrodynamic 
forc e induc e d  by the tear layer under the c o ntac t le ns . The 
spec if icat io�of the init ial le ns design are list e d  be lows 
L 
L 
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3ase Curve: Kf + .25D for corneas with l.OOD cyl.or 
less. For corneas with more than l.OOD cyl., fit 
slightly steeper than Kf + . 25n. 
Diameters Kf + l. Omm 
Optic Zone Diameter; 
desired. 
Depends on the tear reservoir 
If, 
l- Area OZD 
The tear reservoir is de fined as ( Area Total Dia), 
2 Area ='iTr 
and, r1 = OZD 
2 
r2 = Total Dia 2 
then,
OZD = 2 V X ( T2D. )2 where , X = l - tear reservoir. 
The initial lens calls for a J2.5% tear reservoir. 
Center Thickness: Standard thickness to standard 
thickness + .02mm is recommended. A standard thickness 
will give slower results but may allow better position­
ing of the lens. 
Power1 Power of the subjective ?a. 
Peripheral Curve Radii: 
I1CR = OZR = l.Omm 
I2CR = OZR + 2.0mm 
PCR m OZR + J.Omm 
Periuheral Curve Widthss 
I1C',v = . 2mm - ,Jmm 
(depends on tear reservoir) 
I2Cw 
= .Jmm - . 4rnm I2CW is always� I CW or PCW 1 
PCW = .2mm .)mm 
Projec t  I, Page 4 
All pe riphe ral c urve s are we ll blende d to simulate a near 
asphe ric pe riphe ral area. A blend se ries is done on a ll lense s 
start ing at the OZ� and moving in .5mm inc re ments to the PCR. 
The initial le ns design calls for a 3 2 . 5% tear reservoir. 
'Nhen unaide d ac uity stablizes, the tear re se rvoir is inc rease d 
incre mentally to 3 5 . ��. 3 7.51o and 40.0% by ke e ping total d iamete r 
c onstant and de c re asing the OZD. No c hange in unaide d ac uity 
on two c onse c utive c hecks signa ls the c hange to the next larger 
te ar reservoir. Be yond the 40.0% reservoir, the lens is usually 
too unstable for a prope r f it and a larger d iame te r  is c hosen 
base d on the new Kf or . 2mm inc rease.
4 
Example s K's = 44.00/ 45 . 00 
Initial le ns designs 
B.C.1 44.00 + . 25 D = 7.6J mm 
7a = -1. 50 
Total Dia. 1 44. 00 + 1. Omm = 8. 67mm 
OZD1 v. 675 ( � ) 2 2 = 7. 12mm 2 
PCR 's1 8,63 9.63 10. 63 mm 
PCW ts s .23 . 3  . 2 5 mm 
c .  T. I . 16mm 
Powe rs - 1 .  50 D 
EX PERirl'BNTAL feTHODS AND INSTRUMENTATION 
Visual Ac uity1 Distant visual ac u ity was me asured in a 
c l in ic al e xam room unde r moderate illumination. A standard AO 
Projec toc hart was use d at each se ssion. A reduc e d  Sne llen card 
was used to me asure ne ar acu i t ie s  at 16 inc hes. Una ide d  ac u ity 
among the c ontac t lens pa t ients was measured within f ive minutes 
of re mova l of the lenses. Eac h  pat ient was measured approximate ly 
the same time eve ry session ( + 2 hours) .  
Re frac tions A standard optometric objec tive and subjective 
test battery was done at each session. A ?a c omplex inc luding 
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re tinosc opy was pe rforme d on c ontac t le ns patie nts with le nses on. 
Then all patients were te ste d w ith the following se que nc e of te sts: 
re tinosc opy; monoc ular re d/gre e n; monoc ular J. C . C .; 20/25 e quali­
zation; monoc ular, binoc ular #7; monocular, binocular #7a1 
binocular red/gre en at far; binoc ular cross-cyl inder at far; 
14b at near; and 2 1  binoc ular at near. 
Slit-lamp Biomicrosc opys A Me ntor slit-lamp biomicrosc ope 
( Mode �2 5 3 ) was use d to evaluate c ontac t le ns fit and ocular 
anter ior segment health, Contac t lens fit was evaluate d first 
and anter ior segment he alth second, after c ontac t lense s were 
remove d. C ontac t lens fit was eva luate d for lens positioning, 
move ment, ap ical c learanc e ,  and percent te ar reservoir ( se e  
Table I, Appendix A) .  Ante r ior segment he alth o bservations were 
grade d as to the severity of the follow ing: e pithe l ial e de ma, 
fluoresce in retention, inje c tion, neovasc ular ization, te ar 
break-up time , anterior c hamber angle openne ss, and other c ompli­
c ations (see Table II, Appendix A for grading syste m ) ,5 Gonio­
sc opy was done to evaluate the openness of the anterior c hamber 
angle at the beg inn ing and end of the study. 
Ke ratometrv, Ophthalmometery, Photoe le c tr ic keratosc opys 
C e ntral anter ior c ornea curvature was measure d by the B & L 
Keratome ter, the AO Ophthalmome ter, and the P.S.K. Pe r ipheral 
c ornea measure ments were de termine d  by the "shape fac tor" of 
the P. E.K. analysis. 
The bas ic pr inc iple of photokeratosc opy is the same as kera­
tometry, They both use the r e lationship be tween a targe t a nd it's 
v irtual image forme d by the c ornea. From this re lationship, the 
unknown radius of c orneal c urvature can be dete rmine d from optic al 
formulas for mirror imagery. The advantage of the photokerato­
sc ope is that it 's targe t may be c ompose d of many parts whic h 
ac t as se parate objec ts whose image s may be use d to measure c urva­
ture in all me r idians and over a large c orne a area.6•7•8 
-L 
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There are four technical requirements for reliable photo­
kera tosc opy. These requirements are theoretically met by the 
Wesley-Jessen PSK and are listed belowi 
1. The units used to describe the topography should 
be independent of the shape being measured. The 
PEK system calculates sagittal depth at various 
chord lengths for two principal meridians. 
2. The instrument should consider at least the total 
area of interest. The PEK analyzes the cornea in 
.5mm increments over a diameter of 9mm. 
J, The technique should acquire all information 
simultaneously. The System 2000 photographs and 
computes data concerning a large corneal area 
simultaneously, 
4. The total system should have high accuracy and 
excellent reproducibility. !'SK instruments are 
tested to measure radii of three known spheres to 
within + .Ol)mm. Reproducibility studies show a 
maximum-standard deviation of l/16th D.9 (See 
Table III, Appendix A for the calibration results 
on our PEK.) 
The model for corneal form used in the PEK is based on shape 
factor. Shape factor describes the departure of an ellipse from 
a circle (a shape found to be close to human corneas), A positive 
shape factor means the cornea flattens in the periphery. A 
negative shape factor means the cornea steepens in the periphery. 
The higher the number, the greater the flattening or steepening. 
A shape factor of +.25 is considered normal. Nolan feels that 
a high positive shape factor is better for orthokeratology prog­
nosis than a low shape factor.10 
PACHOM3TRY1 Corneal Thickness and Anterior Chamber Depth 
Haag-Streit pachometers were used to measure corneal thickness and 
L 
..... 
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anterior chamber depth. These instruments utilize apparent 
thickness of an optic section through the cornea and lens. The actu­
al thickness and depth is the result of various calculations through 
ocular media and transposed onto a calibrated scale. The scale 
measures the rotation of one of two plane parallel plates of glass, 
one above the other, which bisect the returning light rays. 
The angle of the light slit and ocular is 40° as determined 
by a bar consisting of a narrow slit through which the light 
passes. This bar allows for measurements only from the patient's 
right side, The right ocular is lOX and splits the images horizon­
tally, thus reflecting away unwanted portion of the field and 
allowing for vernier alignment when measuring. After proper align­
ment, thickness or depth can be read from a linear scale. Appropri­
ate corrections need to be applied to correct for variations in 
corneal radius • 
The Haag-Streit pachometers provide accurate and reliable 
data. Alsbirk found a standard deviation between three consecu­
tive readings of . OO?mm for corneal thickness and .Olmm for 
anterior chamber depth. 11 In a study of corneal thickness measure-
. ments, Lowe found the mean corneal thickness of ,517 ! .003 in 157 
subjects. 12 
Most investigators agree that patient fixation of the slit 
does not insure a perpendicular alignment of the slit to central 
cornea. The patient's visual axis is in alignment and the optic 
axis is decentered by angle kappa. 
Since the Hagg-Streit pachometers fixes the slit on the 
patient's right, asymmetrical measurements are made with respect 
to the two eyes. Differences in measurement by ,02 rnm for anterior 
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chamber depth and . Ol9mm for corneal thickness have been noted. 13 
This side difference has been positively correlated to angle 
kappa.14 
In our study, corneal thickness measurements were taken 
following the procedure listed belows 
1. The pachometer was set up on a Mentor slit lamp 
biomicroscope and the optic section was made as 
narrow as possible. Illumination was high and 
slit to ocular angle was set at 40°. 
2 .  Patients were instructed to fixate at the slit. 
Right eye was measured first, then left eye. 
J. For central corneal measurements, the slit is first 
focused on the iris, bisecting the pupil. Then 
the slit is focused out to the cornea and the 
measurement is taken. 
4. For peripheral corneal measurements, the slit is 
moved to the right (nasal -0.D. , temporal -o.s. ) 
and the measurement is made immediately to the 
right of the filament reflection. 
Anterior chamber depth measurements were taken following 
steps 1 through J in the procedure above. Calibrations were made 
on the pachometers for reliability and the results are listed in 
Table IV, Appendix A. 
Ultrasonography: The Ocular Reflectoscope was used to 
measure corneal thickness, anterior chamber depth, lens thickness, 
posterior chamber depth, and axial length. This instrument was 
engineered and constructed by Automation Industries Research 
Division after the design of Doctors Ernest J. Giglio, William M. 
Ludlum, and Sidney Wittenberg. It utilizes a Hewlett-Packard 
model 175A oscilloscope with a 1754A four-channel amplifier. 
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The first channel is externally triggered by the reflection 
from the front surface of the cornea, preventing the pulse to the 
crystal from appearing on the screen. The channels are sequen­
tially gated and are synchronized with the repetition rate of the 
pulser, The imposition of a short variable calibrated delay at 
the beginning of channel B permits the display of the front and 
rear lens surfaces. Another calibrated delay which can be varied 
from 20 to 40 usec. is interposed at the start of channel C, thus 
displaying the tissue at the rear of the eye. This arrangement 
permits the simultaneous recording of the echoes from the eye 
with a magnification up to 25X from the face of a 5-inch cathode 
ray tube, Magnification is limited by the thickness of the lens 
and 20X magnification is normally used to prevent overlap of 
channels. Channel D carries time marks with a 10 msec. interval 
produced by the 4 mHZ crystal oscillator used to synchronize the 
entire system, 
The transducer is a partially focused 20 mHZ lithium sulfate 
crystal 9.5mm in diameter with a 2 mm aperture. It delivers 
5 mW/cm2 to the liquid immediately in front of the crystal. The 
transducer has an effective beam diameter in the focal plane of 
. )04 mm and spreading to .457 mm one centimeter before and after 
best focus. The pulse repetition rate is 1953 with a pulse dura­
tion of less than .1 usec. The transducer used in this study has 
been calibrated over a five year period by William M. Ludlam.15• 16 
The probe standoff is an open ended, flexible, cone-shaped 
device made of clear silicone rubber which fits snugly on the ultra­
sound transducer. Clear silicone was needed to visibly inspect 
for bubbles and discontinuities in the fluid comprising the sound 
pathway, Wall thickness decreases toward the narrow opening in 
three steps to provide maximum stability with minimum aperture 
and wall thickness at the probe tip so that lashes and lids of the 
subject could be avoided. 
...... 
....... 
L 
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The axis at which maximum amplitude reflections occur is in 
the region of the optic axis. In obtaining sound measurements of 
the intraocular distances, reflections from the tissue at the rear 
of the eye is required. The optimal sonic axis must be near per­
pendicular to the retinal curvature as well as the anterior corneal 
curvature. Testing of the present probe indicates that angulation 
of the probe axis greater than ! 2° horizontally or vertically 
for non-mydriatic pupils produces changes in quality and amplitude 
of the resulting echoes which are unacceptable. Translation in 
the horizontal or vertical meridians more than ! .5mm also produces 
an unacceptable result.17 
The following procedure was followed in making our ultrasonic 
measurementss 
l. Patient corneas were anesthesized with one drop of 
.5% proparacaine. 
2. Patients were instructed to keep both eyes open and 
fixate at an object fifteen feet away. 
J. The probe was placed to the eye at the proper angle 
and a water meniscus makes contact with the eye. 
4. A polaroid picture is taken of the oscilloscope 
trace when all acoustic interfaces are seen. A 
lX picture of the overall eye and a lOX picture of 
the cornea is taken on each eye. 
A 20X traveling microscope was used to measure between the 
acoustic reflections of the oscilloscope tracings. For the anter­
ior cornea, the starting point is l�fe of the negative phase trace 
of the first echo. The posterior corneal surface is measured at 
10% of the positive phase trace (mirror image echo). Other sur­
faces were measured the same way using 10% of the phases 
anterior chamber - start at + phase 
lens - start at - phase 
vitreous - start at + phase 
See Table v, Appendix A for overall and corneal mag. tracings. 
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After the measurements are completed on each trace, the 
following computations are done to determine the actual mm distance 
through each tissue in the eyes 
1. mms measured between phases is divided by a standard 
velocity (8.2mm/usec), then the resultant is divided 
by two (since the echo is a measure of a completed 
round trip). The resultant is now in units of time 
(usec). 
2. The time in microseconds is then multiplied by an 
assumed velocity for each tissue. The assumed 
velocity for the cornea is 1.600 mm/usec. For 
anterior chamber it is 1. 5)2 mm/usec. For lens it 
is 1.641 mm/usec. For vitreous it is 1. 5)2 mm/usec. 
The resultant product is again in units of mms. 
). To derive vitreous length, one must take into con­
sideration time delay from channel b to c. One-
half of the total delay (13 usec.) is added in step 1 
before the final mm length is calculated in step 2. 
For vitreous measurements, anterior cornea to retina 
is measured and converted into usec. The delay is 
added and then usec, values of cornea, anterior 
chamber, and lens are then subtracted. The final 
value is then multiplied by the assumed vitreous 
velocity. 
4. The corneal, anterior chamber, lens and vitreous 
thicknesses are then added to get axial length. 
Photograuhic Ophthalmophakometrys The method of photographic 
ophthalmophakometry is used to monitor changes occw:ring in the power 
of the crystalline lens due to changes in radii of either the front or 
back lens surfaces, This method is based upon the ophthalmometer 
principle whereby the size of an image produced by reflection of an 
object at sufficient distance from a spherical surface is linearly 
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related to the radius of curvature of that surface. For a given 
object, the size of the Purkinje image from either lens surface 
can be measured and compared in size to the Purkinje image of 
the anterior corneal surface. If the radius of curvature of the 
anterior corneal surface is known, an apparent radius of curvature 
of the lens surface may be directly calculated by proportion. To 
calculate the actual radii of curvature, the anterior chamber 
depth and lens thickness must be kro.vn from independent measure­
ment. This data is provided from our ultrasonic measurements. 
In our study, the light source used to provide the object 
for the Purkinje images consisted of two collimated sources 
contained in an integral unit so that a constant angle is main­
tained between the two collimated beams. The subject is positioned 
where the two light sources intersect, thus providing the brightest 
possible image. Since there are two light sources, two spot images 
will be seen from each reflecting surface. It is the distance 
between the two images which is measured and referred to as image 
size. Since cycloplegics were not used, the patient was instructed 
to fixate at a target 15 feet away in order to provide a control 
on accommodation. 
A Nikon F camera with a lsl macro lens arrangement was used 
to photograph the first, third and fourth Purkinje images in order 
that their relative sizes could be determined. A 20X traveling 
microscope was used to measure the image size directly from the 
film negative. The average of three measurements on each Purkinje 
image is used for calculation. 
The difference between calculated lens surface curvatures 
and true lens curvatures depends on the validity of the assumptions 
made in the calculations and the accuracy of the experimental data. 
For the present experimental arrangement, it is likely that some 
error will result from measurement of refracting surfaces which do 
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not lie exactly on the visual axis. Another possible source of 
error is the assumed refractive indicfes needed in the ultra­
sonography and phakometry computations. These assumed indicies 
are l.JJJJ for aqueous and corneaa 1.416) for crystalline lens; 
and l.JJJJ for vitreous humor. It is assumed that these possible 
sources of error will remain constant and therefore should not 
preclude the determination of relative changes in lens power. 
Ludlam, Wittenberg and Rosentha118 consider that a good 
estimate for the standard deviation of photographic measurements to 
be ! ,02mm. A mathematical error analysis shows that accurate 
measurement of the fourth Purkinje image is the most critical to 
the calculation of lens power and that an uncertainty of ! .02mm 
results in a potential error of ! .22D, When the measurement 
uncertainty on all Purkinje spots is considered, the predicted 
deviation is .27D. This corresponds to an error not greater than 
.54D at the .05 confidence level. An experimental evaluation of 
the reliability of photographic ophthalmophakometry by Francis l9 
found maximum variation of ,JJD in calculated lens power. Since 
the methods used in this study are similar, these figures should 
be realistic indications of the degree of accuracy which can be 
expected. (See Table VI, Appendix A for additional calibration 
information.) 
Intraocular Pressure Measurements1 Tonometry The AO Non­
Contact tonometer was used to measure intraocular pressure on 
every session, The NC·r has been found to be reliable and accurate. 
It typically reads 1 mrnHg higher than the Goldman tonometer and 
5 mmHg lower than the MacKay-Marg electronic tonometer. Such 
factors as cardiac eye le, cessation O·f breathing, lid tens ion, 
head-torso position and anxiety can influence repeatibility.20 
In our study, patients were measured in the afternoon or 
early evening, and each patient was measured approximately the same 
time at each session (! 2 hours). Table VII, Appendix A shows our 
calibration of the NCT. 
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R�SULTS 
The purpose of Part I of .the Orthokeratology Study at 
Pacific University has been to ascertain the mode of action 
of orthokeratology, to define which measurements are accurate 
indicators of changes occuring, and to make recommendations 
to the refined longitudinal study (Part II) as to significant 
tests, analyses, and experimental design. 
In our experimental design,P.�.K. contact lenses were 
selected as the initial control contact lens for those patients 
in the study who were selected to wear contact lenses. 
Due to the P.E.K. fitting characteristics, a majority of 
lenses required peripheral modifications to relieve objective 
symptomology. Unintentional orthokeratology changes oc-
curred as a result within the contact lens control group. 
In fact, of the five subjects who exhibited orthokeratology 
changes, three of the subjects were in the contact lens 
control group. 
Significant orthokeratology was �ef ined as an improve­
ment in the unaided distant visual acuity of three or more 
lines on the Snellen chart immediately after contact lens 
removal. Changes in ocular measurements were analyzed by 
comparing the spectacle control group, contact lens control 
group, and the orthokeratology group; and by comparing the 
contact lens patients who exhibited orthokeratology changes 
with those contact lens patients who did not. 
L 
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MEASUR�MENTS of SIGNIFICANT CHANG�S 
with 
COMPARISON of INITIAL to FINAL M�AN M�ASUR�MEN·rs 
S.C. C.L. C. OK.C. C.L. no OK. C.L. OK. * 
Unaided visual acuity 
Refraction 
Retinoscopy sphere 
O. E.P. 7 sphere 
O.E.P. 7a B.V.A. 
x 
Binocular red-green 
Binocular cross cylinder x 
{tar) 
N.R.A. break x 
N.R.A. recovery 
Binocular cross cylinder 
(near) 
Objective 
Corneal thickness 
x 
Pachometry central x 
Pachometry peripheral x 
Ultrasound 12X x 
Ultrasound 120X x 
Corneal curvature 
Central J.lmm P. �.K. 
Kf 
K cylinder 
Peripheral P.E. K. 
(shape factor) 
Horizontal 
vertical 
x 
x 
*Keys S.C.=spectacle control group 
x x x 
X. x x x 
x x x x 
x x x x 
x x x 
x x x 
x 
x 
x x x x 
x x x x 
x x x x 
x x x x 
x x x x 
x x 
x x x x 
x x x x 
C.L.C.= contact lens control g roup 
OK.C.= Orthokeratology control group 
C.L. no OK.= contact lens patients showing no orthokeratology 
C.L. OK. = contact lens patients sho�ing orthokeratology 
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Objective measurements continued: 
s.c. c.1.c. OK.C. C.L. no OK. C.L. OK. 
Anterior chamber depth 
Pachometry x x x x 
Ultrasound 
Lens 
Ultrasound thickness x 
Ophthalmophakometry 
Front curvature x x x 
Rear curvature x 
Lens Power x x x 
Axial length 
Ultrasound x x x 
Tonometry x 
Significant change was defined as that greater than one 
standard deviation of instrument or technique accuracy. 
Refractive data was considered significant beyond .25 diopter 
change. Instrument standard deviatio�are listed in Experimental 
Methods and Appendix A. (The above data was derived from information 
listed in Appendix B.) 
M00� OF ACTION OF ORTHOKt:'.:RATOLOGYt 
Data :and graphical analyses in Appendix B was used 
to determine the mode of action. From the linear regression 
and mean measurements of initial and final data the following 
showed significant change with improvement of unaided 
visual acuity: 
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I• Re frac tive te sts 
A. Be s t  subje c t ive refrac tion 
B. Re tinosc opy 
c. O.E.P. 7 
D. Binocular dross c ylinder a t  far 
E. O.E.P. 14B ne t 
II. Objec tive te s ts 
A .  P.E.K. Kf 
B .  P.�.K. c ylinde r 
C. P.E.K. shape fac tor 
1. Hor i zontal 
2. Ve rt ical 
The following d id not show sign if ic ant c hange w i th 
una ided v isual acu ity improve menta 
I .  Re frac tive Te sts 
A. Ne gat ive re lat ive ac c ommodation 
II. Obje c t ive te sts 
A. C orneal thic kne s s  
B. Ante rior c hambe r de pth 
C. Lens thi c kne ss 
D. Axial length 
E. Intraocular pre ssure 
Aga in, a s igni f icant change was de fined a s  that greate r  
that one standard dev iat ion o f  instrument o r  tec hn ique 
�c c uracy .  
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CONCLUSIONS AND RECOM�NDATIONS 
Bas e d  on preliminary analysis of the data, total 
c orneal topography s e e m  to have the greate s t  influenc e 
on the mode of ac tion of o rthoke ratology . It is inte re s ting 
to note that intraocular pre s sure was s ignificantly greater 
in t he group showing orthoke rat ology c hange s e ven though 
no variation occurred be twe en in itial and final measure me nts . 
The s tudy s howe d that the Tabb fitt ing me t hod doe s produc e 
orthoke ratology c hanges w i thout c aus ing c orneal astigmatism, 
trauma to eye , or c orneal d is tortion bas e d  on P.E.K. find ings , 
c orneal integrity (break up time ,  fluore sc e in re te ntion, 
inje c tion, and angle de pth es timat ion ) ,  and ke ratome try 
mire quality. 
For Part II, Me asurements of the Eye During Ortho­
ke ratology, this re searc h  group rec ommends the follow ings 
A. Enlarge the batte ry for anterior c orneal topography 
me asure ments 
B, Formulate a means to measure the poste rior c orneal 
c urvature 
C .  Formulate a means t o  measure c orneal inde x  of 
re frac t i on 
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APPENDIX A 
TABLE I - Gontact Lens Fit Evaluation 
TABLE Il- Biomicroscopy E:valuation 
TA3LSIII- PEK Calibrations 
TABLE IV- Pachometry Calibrations 
TABLE V - Ultrasonography Tracings and Calibration 
TABLE VI- Ophthalmophakometry Calibrations 
TABIEVII- Tonometry Calibrations 
TABLE I 
Con tac t Lens Fit 
Svaluation 
I. Lens Positioning- O.D. • o.s. 
Center of lens positioned at the following area 
of the cornea after blinka 
1 
2 
T C N 
J 
4 
II. Lens Movement immediately after blinka 
Estimated in mm's movement 
III. Apical Clearance of lens r 
Rated as 0 - flat fit 
MAP - minimal apical clearance = on "K" 
or slighly flat 
AP - steep fit creating central pooling 
IV. Tear Reservoir Areaa 
Estimation of peripheral curve area· including 
blend in comparison to total lens area.with the 
aid of fluorescein, 
TABLl II 
Biomicroscopy Evaluation 
I. Ede ma 
A. None 
B. Epithe lial Ede ma 
0 
1 . S l ight amounts,  seen 1 
as ve ry light gray 
haze, limited to 
le ss than 1 0%  of the 
corneal area. 
2. Moderate amounts, de finite 2 
grayne s s  to corneal appearance , 
limited to le s s  than 25% of 
corneal area. 
J. Moderate amounts, definite 3 
grayne ss to corneal appe arance , 
lim ite d to le s s  than 50% of 
cornea l  area. 
4. De nse ede ma, heavy grayne ss in 4 
corneal appe arance, limited to 
le ss than 25% of the corneal 
area. 
5. De nse edema, heavy grayne s s  in 5 
corneal appearance , limited to le s s  
than 50% of corneal area . 
6 .  Other (e xpla in ) 6 
II. Fluore s ce in Re te nt ion 
A. None 
B. Fore ign body staining 
s upe rficial.  
C. Punctate stain ing, light 
a nd variable . 
D. S upe rf icial punctate s taining, 
heavy and coale s ced. 
E. Epithe lial dimling 
F.  A bras ions of the e pi the lium.1 
G.  De e p  corneal abrasions, ulcerations, 
or other seve re complicat i ons 
H. Othe r (expla in ) 
.. 
0 
1 
2 
3 
4 
5 
6 
7 
I I I. Inje ction � 
A. None 
Grade 
0 
B. Mild conj estion and dilation 1 
of limba l vessels which was not 
characteristic of the pre -
fitting condition. 
C, S evere conjestion and dilation 2 
of the normal limbal ve s s e ls .  
D. Conjunctival hyperemaa 3 
E. Other (explain) 4 
IV. Ne ovascularization 
A. None O 
B. Minimal per ipheral ne o- 1 
vascularization, le ss than 
1.5mm inside limbus. 
C. Moderate periphe ral va scularization 2 
1.5mm to 2.5mm ins ide limbus . 
D. S evere vasc ular ization, extenstions ) 
of limbal ve sse ls greater than 2.5mm 
ins ide limbus.  
E. Other �explain) 4 
v. Te ar Break-up Time 
A. �valuated as time in seconds: be fore 
first indication of tear break-up on c ornea, 
norma l be ing 15 sec onds or longer .  
VI. Anterior C hamber Angle 
A. Estimate d as the anterior chamber thickness to 
c orneal thickness ratio when measured at the 
l imba l ma�gin w ith the oc ular - illumination angle 
s e t  at 60 • An ope n angle ratio is greate r  than 
or equal to 111. -
VII. Other Complications 
A. None 
B. Present-(explain ) 
0 
1 
TABL� III 
PEK Calibrati0ns 
I .  Steel ball - 7. 3Jmm = 46.06 D 
shape factor = 00,00 
D 
PEK measurements: 46,13 
46. 13 
46,17 
46.13 
46,06 
46.09 
46. 1 9  
46,05 
mm 
7.32 
7,32 
7,31 
7.32 
7. 33 
7,32 
7,31 
7,33 
II. Steel ball - 7,67mm = 44,02 D 
shape factor = oo.oo 
III. 
PEK measurements: 44.11 
44. 04 
44. 05 
44,00 
44,09 
44. 05 
44,13 
44. 1 7  
Steel ball - 8.00mrn = 42. 20 D 
shape factor = 00.00 
�K measurements: 42.23 7. 99 
42.1 2 8. 02 
42 .1 2 8. 02 
42 .1 3 8. 01 
42.05 8.03 
42.05 8.0) 
41.99 8. 04 
Atl.95 8.05 
s.f. 
-o. 02 
-0.06 
-o. 01 
-0.03 
-0.07 
-o. 04 
-o. 01 
-0,08 
o. 04 
-0.02 
o. 04 
o.oo 
0.07 
o. 04 
o. 02 
-o. 01 
-o. 04 
-0. 09 
-o. 04 
-o. 05 
o.oo 
0.09 
-o. 01 
-o. 01 
shape factors mean= • 0)7 std. dev.: • 6'l77 var.: ,00073 
IV , Human sub ject- R. Holling o.s. 
PEK Ophthalmorneter 
H sf v sf H v 
4).85 0.22 44,44 0.1 9  @1 1 5  4).62 44. 50 @92 
43,76 0.33 44.42 0,40 @090 4).62 44,75 @92 
43. 96 0. 26 44. 4) 0.22 @ 120 4). 75 44. 62 @90 
4). 91 0,34 44.52 0.34 @ 110 43,75 44. 75 @89 
TASE IV 
Pachometry Calibrations 
Corne al Thickness Pachometry 
Mentor slit lamp # 73316 
* O.D. o.s. mm mm 
.53 • 515 
.52 .515 
.525 .515 
.53 .515 
.52 .515 
.525 .525 
.53 .53 
.535 .52 
.525 .525 
� � 
mean .527 .520 
variance • 00002 • 00003 
st. dev. • 004? • 0055 
O.D� - O.S.m= +.OO?mm 
Anterior Chamber Depth Pachometry 
Mentor slit lamp# 73316 
* O.D. mm 
J.50 
3.58 
3,56 
J.58 
3,57 
3,54 
3.52 
3°55 
3.52 
· .L..il 
mean J.542 
variance .00068 
st. dev • •  0262 
o.s. mm 
J. 61 
3.62 
3,62 
3.61 
3.62 
J.61 
3. 61 
J.62 
3.59 
1&!. 
J.612 
.00009 
.0097 
= 
subject - R .H. 
#25) 
O.D. mm 
.505 
.515 
.515 
.505 
• 505 
• 510 
• 505 
.505 
.505 
.i...iQ_ 
.507 
• 00002 
• 0048 
-.008mm 
#253 
0. D. mm 
J.52 
3,54 
J.56 
J. 50_ 
J.52 
3.50 
J.54 
3.50 
J.5) 
L.£. 
J.523 
• 00045 
• 0212 
o.s. mm 
.515 
.50 
.515 
• 515 
• 525 
.515 
• 515 
• 515 
.52 
• 515 
.515 
• 00004 
• 0062 
o. s. mm 
J. 61 
J.59 
),57 
3.60 
J.61 
J.61 
3.59 
3.61 
J.61 
hfil. 
J. 601 
• 00018 
• 0138 
= -.e78mm 
* data taken from instrument scale and has not been 
corrected with corneal curvature charts • 
.. 
. .. 
-Channel A 
Channel B 
Channel C 
Channel D 
, Channel A 
TABLE V 
Ultrasono.csraphy Tracin�s 
l2X Mag 
�OX Mau 0 
A = Corneal Thickness 
B = Anterior Chamber Depth 
C = Lens thickness 
D = Interval needed for 
Vitreous computation 
Subjec t- R.H. 
Corne a 
Ant. Chamber 
lens 
Vitreous 
Axial Le ngth 
Corneal Mag 
Cornea 
Ant. C hamber 
Lens 
Vitre ous 
Axial Length 
Corneal Mag 
TABL� v-a 
Ultrasonography 
Calibrations 
O.D. 
0 . 580 0. 583 
3. 054 3. 18 6 
4 .  12 0 4 .  02 9 
16. )00 16 . 168 
24 . 054 2 3 . 966 
0 . 583 0.584 
mean 
0 . 5618 
3 . 1525 
4. 062 0 
16. 1972 
. 
-. 
2 3.9757 
0,5855 
.. 
• 
mm's 
0.512 0, 581 0. 553 
J. 278 3 . 092 ). 044 
4. 011 4 .  08 8 4 . 093 
16 . 142 16. 179 
2 ) . 94) 2 ) .  94 0 
0.589 0.586 
varianc e s td, dev . 
0.0007 o. 02 70 
0. 0075 0 . 0869 
o. 0019 0. 04)9'. 
0.0036 0. 0608 
0.002 1 o. 04 62 
0. 0000 0 . 002 2 
·, 
.,. 
TABLS VI 
OPHTHAU'lOPHAKOMETRY 
Anterior Lens Curvature: 6. 80 D 
Std. Dev: . 0530 
variance: . 002 8 
Posterior Lens Curvature: lJ.60 D 
Std, Dev: . 2 000 
variance: ,0400 
Total Lens Power - 1 2 0. 14 D 
Std. Dev,1 . 170 0 
variance : • 0290 
TABL.S V II 
Tonometry Calibrations for 
AO Non-c ontact 
Tonometer 
sub j ec ts L.R. eye: o.s. 
time 3100 pm 
16 mm Hg . 
15 
16 
16 
16 
18 
16 
14 
� 
mean: 15.9 
variance: .9888 
std. dev.: • 9944 
I 
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APPrnDIX f3 
I- Graphlc Analysis- Least Squares Linear 
Regression 
II- T�ble- Comparison of Means 
111- Graphic Analysis- Cor:1rarison of Means 
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C OMPARIS ON MEANS -
Ini tial Measure ments vs. Final Measurements 
s.c . C .  L.  C .  OK.C. C . L. no OK. C .  L. OK. 
Unaided V.A. s. 195 • 092 . 1?28 • 0917 . 2 70 
at 2 0 '  f· 2 0) . 549 .4895 . 145 8 • 812 0 
d 
O.E . P. 7a s-2. 02 -1. 86 -2 . 65 -J . )4 -1 . 67 
sphere f-1 . 8 0  -1. 09 -2 . 17 -J.OJ -0. 5 8  
d. 22 . 77 .48 .Jl 1. 09 
Ret inosc opy s-2.6) -2 . 2 8 -2 . 68 -3 . 3 1 -1 . 85 
r-1. 83 -1. 2 8  -1 . 93 -2 . 87 -0 . 65 
d. 80 1. 0 • 75 . 44 1. 2 0  
O . E . P. 7 s-1.40 -1 . ) 1 -2. 0 -2 . 69 -0 . 90 
sphere f-1. 25  -0.40 -1 . 4) -2 . 2 8 +0.08 
d. 15 . 91 , 5 7 .41 . 98 
B inocular red- s-2 . 0 -1. 69 -2. 52 -J . 12 -1 . ) 8  
green f-1. 94 -1. 25  -2. 02 -J . 02 -0 . 6 0 
d. 06 . 44 . 5 0 . 10 , 78 
B inocular cross s-1. 8 0  -1. 97 -2 . 95 -) . 44 -1. 78 
,__ c ylinder ( far; f-2 . 10 -l . 5 0  -2 . )2 -3 . 5 0  -1. 05 
d� . 3 0  + , 4 7 +. 6J + . 06 + , 73 
N . R.A. break s2. 8 0  2 . 81 J.05 3 . lJ 2 , 8 0 
f) . 10 J . OO 2 . 95 J . 19 2 . 80 
d, J O  - . 19 . 10 • 06 o. oo 
N.R.A. recovery s2 .  3.5 2 . 4� 2 . �o 2.63 2 . 46 
f2 .  oO 2. J 2 .  5 2 . 69 2 . 30 
d. )5 • 05 • 05 • 06 . 16 
O . E . P. 14b sl.15 1 . 18 1 . 12 1 . 12 1 .  3 7  
ne t fl. 15 l. 09 0. 95 1. 15 0 . 9 0  
d0 . 00 • 09 . 17 • OJ . 47 
C.T. Pach. s. 509 . 5 2 0  , 5 19 . 5 10 . 52 8  
c entral f. 492 . 5 06 . 5 03 . 494 . 5 13 
d. 017 • 014 , 016 • 016 • 015 
C . T .  Pach. 5. 666 , 701 , 716 • 713 • 7 07 
peripheral f· 72 0 , 710 , 734 • 72 3  • 717 
d· 054 • 09 • .  018 • 010 . 0 10 
.._ C . T. Ultrasound s. 52 1 , 524 , 562 , 532  . 565 
12 X f.523 , 5 66 , 5 78 . 545 . 5 92 
d.002 • 042 • 016 • 01) . o:n 
C . T. Ultrasound 5. 526  . 55 6  . 5 74 . 54 9  . 5 79 
125X f. 5 )4 . 5 71 . 5 7 0  . 55 6  . 5 83 
d. 0 08 • 015 • 004 • 005 • 004 
lens ;thic kness s3 .  653 J . 634 3 . 722 J . 68 J , 69 
ultrasound rJ . 64 5 3 . 617 3 .  712 J . 71 J .  64 
d• 008 . 017 .010 • OJ • 05 
Ant . chamber sJ . 5 6  3 , 3 7 J . 6 6  J . 64 ·3 . 66 
Pac home try £3 . 5 3 J . ) 8 ) . 62 J . 5 8 J. 62 
d• OJ . . 01 • 04 • 06 • 04 
Ant. Chamber s3 .  602 J.4 )2 : h 5 16 3 . 5 18 ) . 5 16 
Ultrasound f) .  544 J . )57 ) . 5 60 J . 467  J. 560 
do 05 8 • 075 • �4 • 05 1 • 044 
Axial length �4. 649 24 . 2 16 24 . 6) 6  24 , gs7 24 . 63 6 
Ultrasound t24 ' 555 23 . 92 7  24 . 62 1  24 . 744 24 , 62 1 
. . d. 094 . 2 89 • 015 
• Q5 7  • 015 
. -
Tonome try sij� t! l  l6�j� . 2� : 6o C .  L121;3 oOK . c · l:t �·�� · 
fll . 70 16 . 25 1) . 7 0 12 . 0 17 . 0  
d l . 5 1 • 07 . 8 0 • 5 0  . 5 0  
P .  E .  K .  Kf s4J . J6 4J . 55 44 . 11 44 . 2 2 4J . 81 f4 J . 4 7 4) . 4 1 4) . 64 44 . 05 4) . 12 
d . 11 . 14 . 4 7 . 17 . 69 
P . E . K . c yl inder . 771 . 998  • 64 6 . 9 78 • 65 6 
f . 783 • 95 ) . 65 6 . 9 78 . 6) 7  
d .  012 • 045 • 010 o . o . 019 
P, E .  K .  shape s . 2 05 . 2 ) 0  • 2 07 . 245 . 195 
hor iz ontal f . 154 - 0 . 01 - o . 04 I 06 7 - . 082 
d .  05 1 . 24 . 24 7  . 178 . 2 7 7  
P . E . K . shape s . 186 • lJJ • 2 01 . 2 2 3  . 1 3 0  
vert ical f . 1 ) 7  - • llJ - .  03 7 • 03 8 - . 12 7  
d .  04 9 . 246 . 2 ) 8  . t 85 . 25 7  
Ant . lens s ll .  5 8  11 . 3 2  1 0 . 87 1 1 .  01 11. 12 
c urvature f ll . 5 7  1 1 .  01 1 0 . 6 6  1 0 . 86 10 . 78 
d , 01 . )1 . 2 1 . 15 • J4 
Pos ter ior lenss 6 . J J  6 . 47 6 . ) 6 6 . ) 0 6 . 4 ) 
c urvature f 6 . 17 6 . 5 7 6 . 48 6 . 63 6 . 44 
d . 16 . 10 . 12 . J J • 01 
Lens power s 2 0 . 12 2 0 .  01 2 0 . 49 2 0 . J 6  2 0 . 22 
f2 0 .  J O  2 0 .  01 2 0 , 4 0  2 0 .  01 2 0 .  3 9  
d . 18 0 , 0 • 09 . 35 . 1 7  
KEY s 
s= in i t ial average data 
f=f inal average data 
d=d iffe renc e betwe en s tart and f inish 
S . C . =spec tac le c ontrol group { mean of 1 0  e ye s ) 
C . L. C . =c ontac t lens c ontr o l  group ( mean of 8 e ye s ) 
OK . C , = Orthokeratology c ontr o l  group { mean of  1 0  e ye s ) 
C . L. �no OK . =  c ontac t lens pat ients showing no orth okeratology ( 8  e ye �  C . L. OK . =c ontac t lens pat ient s  show ing orthokerato logy ( 1 0  e ye s ) 
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T h e  f o l l ow i n g n r e i n i t i a l and fina l mea n s  of d a t a  cnmpa r i no t h o s e  
con t a c t l e n s  p a t i en t s  1:1h o  exhib i t ed o r t ho k e r cJ t o l ogy cha n a c s  t o  t h o s e  
who d i d  n o t . 
Key : C L =con tact l e n s  pa t i en t s  Hho d i d  not  exh i bit or thoke r .:i t o T oriy 
O K=con t a c t  l e n s  ra t i e n t s  who d i d  exh i b i t o r t h oke ra t o l oay 
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